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(54) Semiconductor device and a method of manufacturing the same 



(57) In a liquid crystal display device, an improved 
storage capacitance that uses a pair of transparent con- 
ductive films for electrodes is provided. On a flattening 
film made of a resin, a first transparent conductive film 
and an insulating film for capacitance are formed into a 
lamination to form in this laminated film an opening por- 
tion An insu fating film covering near the opening portion 



is formed. A transparent conductive f8m is formed and 
patterned to form a pixel electrode Thus is formed a 
storage capacitance having the structure where the 
insulating film for capacitance is sandwiched between 
the first transparent conductive film and the pixel elec- 
trode 




FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to an electro-opti- 
caf device represented by a liquid crystal display device, 
and to the structure of an electronic apparatus provided 
with as a part such an electro-optical devica inciden- w 
tally, the term "semiconductor device" in this specifica- 
tion designates devices in general which can function 
with the use of characteristics of semiconductor, and 
therefore the above-described electro-optical device 
and electronic apparatus faJJ into the semiconductor is 
devices. 

2. Description of the Related Art ' 

[0002] In recent years, what has received attention is 20 
an active matrix type liquid crystal display device in 
which a circuit is consisted of a thin film transistor (here- 
inafter, referred to as TFT) utilizing a poiysiiicon film. 
This is a device intended for realization of image display 
with high definition by, using a plurality of pixel TFTs that 25 
are arranged in matrix, controlling on matrix basis the 
electric field that applies on the liquid crystal. 
[0003] In such an active matrix type liquid crystal dis- 
play device, a capacitance (condenser, or capacitor) is 
comprised of a pixel electrode formed for every pixel 30 
and an opposite electrode formed on the side opposite 
thereto through the liquid crystal placed in between. 
However, the capacitance having those alone is not 
large enough and hence is ordinarily supplemented with 
a storage capacitance (also called as Cs) formed sepa- 35 
rarely from the former. 

[0004] There are various structures for the storage 
capacitance (Cs structure), among which presented {in 
Japanese Patent Application Laid-open Nos. Hei 8- 
43854 and 8-306926) is the structure where an insula!- 40 
ing film is, taking into consideration the aperture ratio in 
a transmission type liquid crystal display device, sand- 
wiched between two layers of transparent conductive 
films. 

[0005] Each of the above publications claims that with 45 
its Cs structure, a large capacitance can be ensured 
without degrading the aperture ratio through employ- 
ment of a transparent conductive film, such as TO, for 
both of two electrodes that form a pair and constitute the 
storage capacitance. The conventional structure is so 
shown in Fig. 2. 

[0006] In Ftg. 2, reference numeral 201 denotes a 
capacitance electrode formed of the transparent con- 
ductive film. An interiayer insulating film 202 is formed 
thereon which serves also as a dielectric material of the ss 
storage capacitance, and a pixel electrode 203 is further 
formed. 

[0007] However, such a structure may have a problem 



of poor coverage of the interiayer insulating film 202 at 
an end portion 204 (the area circled with a dotted line) 
of the storage capacitance. That is, though thinness is 
preferable as the dielectric material to enlarge the 
capacitance, it causes a problem of the short circuit 
between the capacitance electrode 201 and the pixel 
electrode 203, For that reason, there is a relationship of 
trade-off between the thickness of the dielectric material 
and enlargement of the capacitance, where a certain 
degree of film thickness is required in order to carry out 
the function as the interiayer insulating fflm. 
[0008] For instance, the film thickness of the capaci- 
tance electrode 201 is required to be about 100 to 200 
nm because of the transparent conductive film having a 
resistance higher than that of a metal film and in view of 
the electric potential distribution. To completery cover 
the capacitance electrode 201 , it therefore is necessary 
for the interiayer insulating film to have a film thickness 
of at least 200 nm or more. However, the volume of the 
capacitance is in inverse proportion to the film thickness 
of the dielectric material, and to thicken the film thick- 
ness thereof is not desirable when aiming at secure- 
ment of a large capacitance. 

[0009] As described above, many problems are still 
remained unresolved under the existing circumstances 
though sandwiching the interiayer insulating film 
between a pair of transparent conductive films makes it 
possible to enlarge, without degrading the aperture 
ratio, an area where the storage capacitance may be 
formed. 

SUMMARY OF THE INVENTION 

[0010] The present invention is a technology devel- 
oped to solve the above-described problems, and there- 
tore an object of the present invention is to further 
improve an electro-optical device with a storage capac- 
itance that uses a pair of transparent conductive films, 
and then to provide a semiconductor device of higher 
quality. 

[001 1 J According to an aspect of the present invention 
disclosed in this specification, there is provided a semi- 
conductor device that has a plurality of pixel TFTs 
arranged in matrix and a storage capacitance con- 
nected to each of the plurality of pixel TFTs, comprising: 

a first transparent conductive film having a first 
opening portion; 

an insulating film for capacitance, covering the first 
transparent conductive film and having a second 
opening portion that reaches the inside deeper than 
the first opening portion; 

an interiayer insulating film covering the second 
opening portion and formed into a pattern above 
the pixel TFTs; and 

a second transparent conductive film formed in 
contact with the interiayer insulating film and the 
insulating film for capacitance, and 
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wherein the storage capacitance has the structure 
in which the first transparent conductive film, the 
insulating film for capacrtance and the second 
transparent conductive film are laminated. 

5 

[0O12I According to another aspect of the present 
invention, there is provided a semiconductor device that 
has a plurality of pixel TFTs arranged in matrix and a 
storage capacrtance connected to each of the plurality 
of pixel TFTs, comprising: w 

a first transparent conductive film having a first 
opening portion; 

an insulating film for capacitance, covering the first 
transparent conductive film and having a second is 
opening portion that reaches the inside deeper than 
the first opening portion; 

an interiayer insulating film covering the second 
opening portion and formed into a pattern above 
the pixel TFTs; and 20 
a second transparent conductive film formed in 
contact with the interiayer insulating film and the 
insulating film for capacitance, 
wherein the storage capacrtance has the structure 
in which the first transparent conductive film, the zs 
insulating film lor capacitance and the second 
transparent conductive f Bm are laminated, and 
wherein the first transparent conductive fim is 
grounded through a pad electrode formed of the 
second transparent conductive film. 30 

[0013] In the above-described aspects, the interiayer 
insulating fflm is preferably made of a resin material. An 
example of such a resin material includes polyimide, 
aery), polyamide. pofyimideamide and BCB (benzocy- 35 
clobutene). It is also preferable to form the intertayer 
insulating film with a resin material having light shielding 
property (such as a resin materia] with dispersed black 
pigment or metal element), or with a resin material hav- 
ing light shielding property and a transparent resin 40 
material which are laminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 45 

Fig. 1 is a sectional view showing the structure of a 
pixei and a storage capacitance of the present 
invention; 

Fig. 2 is a sectional view showing the structure of a so 
conventional pixel and storage capacitance; 
Figs. 3 A to 3D are views showing manufacturing 
steps of a pixel structure of Embodiment 1 ; 
Rgs. 4A to 40 are views showing manufacturing 
steps of a pixel structure of Embodiment 1 ; ss 
Rgs. 5A to 5C are top views each showing a pixel 
structure of Embodiment 4; 
Fig. 6 is a view showing an outer appearance of an 
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active matrix type liquid crystal display device of 
Embodiment 1; 

Fig. 7 is a sectional view showing the structure of a 
common contact portion of Embodiment 5; 
Rgs. 8A to SC are views showing manufacturing 
steps of a pixel structure of Embodiment 6; 
Rgs, 9A to 9D are views showing manufacturing 
steps of a pixei structure of Embodiment 7; 
Rgs. 1 0A to IOC are views showing manufacturing 
steps of a pixel structure of Embodiment 7; 
Rgs. n A to 1 1E are views showing manufacturing 
steps of a pixel structure of Embodiment 8; 
Rgs. 12A to 120 are views showing manufacturing 
steps of a pixel structure of Embodiment 8; 
Rgs. 13A to 13F are views each showing an exam- 
pie of an electronic apparatus of Embodiment 9; 
Rgs. 1 4A to T4D are views each showing an exam- 
pie of an electronic apparatus of Embodiment 9; 
Rgs. 15A and 15B are photographs of TEM obser- 
vation and Fig. 1 SC is a schematic diagram thereof 
of Embodiment 1 ; 

Rg. 16 is a photograph of TEM observation show- 
ing the surface of Embodiment 1 ; and 
Rg. 17 is a graph showing characteristics of the 
fhreshoidress antiferroelectric mixed liquid crystal 
that exhibits electro-opticai response characteris- 
tics of V shape, in terms of its light transmittance 
with respect to the applied voltage of Embodiment 
10. 

PREFERRED EMBODIMENT OF THE PRESENT 
INVENTION 

1001 5] The present invention with the aforementioned 
structures will be described in detail below. 
[0016] An embodiment of a liquid crystal display 
device utilizing the present invention will be described 
with reference to Rg. 1 . Shown in Rg. 1 is a sectional 
view illustrating a plurality of pixels arranged in matrix 
and a storage capacitance provided for every pixel. 
[0017] In Rg. 1 , reference numeraJ 101 denotes a sub- 
strate having an insulating surface, and a pixel TFT 102 
is formed thereon by a known measure. A flattening film 
(a first interiayer insulating film) 103 is formed so as to 
cover this pixel TFT 1 02. The flattening film 1 03 may uti- 
lize any kind of insulating film, but preferably uses a 
resin material such as pofyimide, acryl or BCB (benzo- 
cyciobutene) to realize high flatness. 
[0018] On the flattening film 103, a first transparent 
conductive film 104 is firstly formed, an opening portion 
(a first opening portion) is formed above a drain elec- 
trode 110 and thereafter, an insulating film 105 for 
capacitance is formed. As the first transparent conduc- 
tive film 104, tin oxide, IT0 (indium tin oxide) or the like 
is sufficiently used. This first transparent conductive film 
104 functions as a lower electrode of the storage capac- 
itance. 

[001 9] A transparent insulating film of, ror example, sii- 
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icon oxide, silicon nitride, silicon oxide nitride, tantalum 
oxide or aluminum oxide (alumina) is used as the insu- 
lating film 105 for capacitance. This insulating film 105 
for capacitance functions as a dielectric materia] of the 
storage capacitance to be formed throughout the whole s 
area within the pixel, and therefore is preferably formed 
of an insulating film with high transmittance. 
[0020] In the present invention, as a large area for the 
storage capacitance can be ensured and the film thick- 
ness of the dielectric material simultaneously is possible 10 
to be formed thinner (which will be described later), the 
insulating film does not need to have so high a relative 
permittivity. Accordingly, enhancement of the transmit- 
tance may be given a first priority at the selection of the 
optimum insulating film, so that bright image display is is 
obtained. 

[0021 ] An opening portion (a second opening portion) 
106 is formed in the insulating film 105 for capacitance. 
This is an opening portion for saving a connection por- 
tion (referred to as a drain connection portion) to con* 20 
nect a pixel electrode and the drain electrode 110 in a 
later step. The opening portion 106 is formed at the 
inside deeper than the opening portion (the first opening 
portion) that is provided in the first transparent conduc- 
tive film 104. 25 
[0022] Then, an insulating film 107 having a low rela- 
tive permittivity is formed so as to cover the opening 
portion 106 and is patterned. In the patterning step, the 
insulating film 107 is selectively removed restricting to 
parts formed on a portion where the storage capaci- 30 
tance is to be formed and on the drain connection por- 
tion so that a contact hole is formed in the drain 
connection portion (the opening portion 106) and, 
simultaneously, the insulating film 105 for capacitance is 
exposed. That is, the insulating film 1 07 is formed into a 35 
pattern above the pixel TFT 102. 
[0023] it is preferable to use a resin material for this 
interlayer insulating film 107. An example of the resin 
material includes polyimide, acryl, polyamide, poJyimr- 
deamide and BOB (benzocyclobutene). Needless to 40 
say, other than the resin material, may be used alone an 
insulating film containing silicon (silicon oxide, silicon 
nitride, etc.), or may be used by laminating an insulating 
film containing silicon and a resin material. 
[0024] A second transparent conductive film is formed 45 
thereon and is patterned to form a pixel electrode 108. 
This pixel electrode 106 is brought into contact with the 
insulating film 105 for capacitance within the pixei to 
form a storage capacitance 109 that is comprised of the 
first transparent conductive film/insulating film for so 
capacitance/second transparent conductive f3m. 
[0025] The pixel electrode 108 is electrically con- 
nected with the drain electrode 1 1 0 of the TFT 102, and 
the voltage applied to the pixel electrode 108 is control- 
led at the TFT 102. Incidentally, although Fig. 1 shows ss 
the structure in which the pixel electrode 108 is con- 
nected with the drain electrode 110, an alternative 
structure where the pixel electrode 108 is connected 



directly to an active layer of the TFT 102 may be 
employed. 

[0026] In the structure shown in Fig. 1 , the TFT 102 is 
completely shielded against light by a black mask pro* 
vided on the opposite substrate side of the liquid crystal 
display device. This is meant for preventing the active 
layer of the TFT 1 02 from being irradiated with light. It is 
of course possible to employ the structure in which a 
light-shieiding layer is formed between the substrate 
101 and the TFT 102. 

[0027] A feature of the present invention having the 
above-described structure resides in the point that the 
fflm thickness of the insulating film 105 for capacitance 
(the dielectric material of the storage capacitance) is 
freely adjustable. The structure of the present invention 
is in contrast to the structure mentioned in the conven- 
tional example in which a film thickness of 200 nm or 
more is required in view of the coverage, and is possible 
to form the film 1 05 in a film thickness of about 1 0 to 200 
nm (preferably 50 to 100 nm) owing to the insulating film 
107 that completely insulates and separates the first 
transparent conductive film 1 04 from the pixel electrode 
108. In other words, the film thickness of the insulating 
fBm 105 for capacitance may be thinner than that of the 
first transparent conductive film 1 04. 
[0028] The lower limit of the film thickness is set to 10 
nm since the thickness thinner than this is weak in terms 
of withstand voltage and liable to cause dielectric break- 
down. Also, another reason for this includes the fact that 
a flim thinner than 10 nm is difficult to ensure a uniform 
fflm thickness. In the light of those reasons, a preferable 
film thickness would be about 50 to 100 nm. 
[0029] The insulating film 105 for capacitance basi- 
cally does not have the upper limit in film thickness. With 
too thick a film, however, ensuring a large capacitance 
is difficult and moreover, the throughput is lowered, so 
that the film thickness has to be held down to a certain 
degree. In that context, the present inventors considers 
the upper limit of the film thickness to be 200 nm (pref- 
erably 100 nm). 

[0030] In this way, to be free to set the fiim thickness 
of the dielectric material of the storage capacitance is a 
very significant advantage. As generally known, there 
exists a condition (reflection prevention condition) for 
increasing the transmrttancB when thin films having 
refractive index different from one another are formed 
into a lamination. This relationship is expressed by an 
equation of nd = X/4 , when the refractive index is given 
as n; the film thickness, d; and the wavelength of the 
transmitted light >L 

[0031] In the present invention, optional rty for the raw 
materia) and the film thickness of the dielectric material 
that forms the storage capacitance extends over so 
wide range that the term nd in the equation above is 
readily adjusted. Accordingly, the film thickness of each 
laminated film is controlled so as to satisfy the reflection 
prevention condition to realize a high transmittance, 
thereby forming a pixel region that, on one hand, funo 
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tions as the storage capacitance and is capable of dis- 
playing an image brightly on the other hand. 
[0032] The present invention of the above structure 
will be described in further detail with embodiments 
shown below. 

[Embodiment 1] 

[0033] In this embodiment a process example of 
manufacturing an active matrix type liquid crystal dis- 
play device is described with reference to Rgs. 3A to 
3D, 4A to 4D, 6, 1 5A to 1 5C and 16. It is needless to say 
that though the description in this embodiment is made 
focusing on one pixel in a pixel matrix circuit a driver cir- 
cuit and a signal processing circuit can also integrally 
formed on the same substrate. 
[0034] Firstly, a glass substrate provided with on its 
surface a base film made of si Ficon oxide is prepared as 
a substrate 301 having an insulating surface. Other than 
a glass substrate, may of course be used a quartz sub- 
strate (not necessarily provided with a base flm), a 
ceramic glass substrate or a silicon wafer on which a 
thermal oxide film is formed. If the heat resistance and 
the process temperature are balanced, a plastic sub- 
strate may also be used. 

[0035] The structure also effective is such that a heat 
radiating layer such as a metal film or aluminum nitride 
film is provided between the substrate and the base 
film. 

[0036] A TFT is next formed on the substrate 301 . Trie 
present invention does not depend on the TFT struc- 
ture", which allows the TFT to be formed by every 
known method. The description in this embodiment 
therefore will only give an outline thereof 
[0037] First, an active layer 302 made of a semicon- 
ductor thin fiim is formed on the substrate 301. For the 
semiconductor thin film, any raw material may be used: 
for example, an amorphous silicon thin film, poiycrystaf- 
line (or microcrystailine) silicon thin film, single crystal 
silicon thin film, or silicon germanium thin fflm. Any 
known measure may be used as to the crystallizing 
technology to change an amorphous silicon thin film 
into a pel ycrysta (line silicon thin film. 
[0038] Next a sificon oxide film with a thickness of 100 
nm is formed as a gate insulating film 303 to form ther- 
eon a gate wiring 304. [n this embodiment, the structure 
in which titanium is layered over tantalum is employed 
as the gate wiring 304. The use of other raw material 
may be possible. 

[0039] In this specification, a portion in the gate wiring, 
which overlaps with the active layer is particularly called 
a gate electrode. Also, a portion in a source wiring, 
which overlaps with the active layer is particularly called 
a source electrode. 

[0040] A state shown in Fig. 3A is thus obtained. The 
gate insulating film 303 is next etched, using the gate 
wiring 304 as a mask, into a new shape to form a gate 
insulating film 305. Then, using as a mask the gate wir- 
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ing 304 and the gate insulating film 305, impurity tons 
that give one conductivity in a self- alignment manner 
are added into the active layer 302. (Fig. 3B) 
[0041] The step shown in Fig. 3B uses the technology 

5 disclosed in Japanese Patent Application Laid-open No. 
Hei 7-135318 filed by the present applicant, which is 
* herein incorporated by reference. That is, the step of 
adding impurity ions are divided into two steps of adding 
under low acceleration voltage and adding under high 

io acceleration voltage to form a source region 306, a 
drain region 307 and LDD regions 308. After the impu- 
rity tons are added, activation is carried out through 
laser annealing, furnace annealing or the like. 
[0042] An interiayer insulating film 309 is next formed 

is by about 1um. In this embodiment the film 309 has a 
lamination structure in which a silicon nitride film with a 
thickness of 25 mm is first formed and an acrylic resin 
film of 900 nm in thickness is formed thereon. 
[0043] Next a contact hole is formed in the interiayer 

20 insulating film 309, and a metal layer having three-layer 
structure of titaniunValuminum/titanium is formed and 
patterned to form a source wiring 310 and a drain elec- 
trode 31 1 . A pixel TFT as shown in Rg. 3C is thus com- 
pleted. 

25 [0044] A flattening film 312 is then formed so as to 
cover the pixel TFT. Though used as the flattening film 
312 in this embodiment is an acrylic resin, other resin 
material may be used. On the flattening film 312, a first 
transparent conductive film 313 is formed and patterned 

30 to provide a first opening portion 314 above the drain 
electrode 311. Further thereon, an insulating film 315 
for capacitance is formed. (Rg. 3D) 
[0045] An (TO (indium tin oxide) film formed by the 
sputtering method and having a thickness of 100 nm is 

35 used for the first transparent conductive film 3 1 3. In this 
embocfi merit, the film formation pressure is set to 3 x 1 0* 
3 torr using as a target the ITO. and as sputtering gas 
the mixed gas of argon and oxygen. The film formation 
is performed with DC current control of 1.5 A and the 

40 substrate temperature is adjusted to be a room temper- 
ature. 

[0046] When a resin material is used for the base flm 
(flattening film) as in this embodiment, a process requir- 
ing to heat the substrate is not suitable because of a 
45 problem of degasification from the resin material. From 
that point, the sputtering method with which the film for- 
mation is allowed to be performed at a room tempera- 
ture is a suitable measure. 

[0047] As the insulating film 31 5 tor capacitance, a sil- 
so icon oxide film is used which is formed by the sputtering 
method and has a thickness of 50 nm. An advantage of 
the present invention is that, at this time, the film thick- 
ness of the insulating film 315 for capacitance can be 
thinner than that of the first transparent conductive film 
55 313. 

[0048] In this embodiment, the film formation pressure 
is set to 3 x 10* 3 torr using as a target Si02. and as sput- 
tering gas the mixed gas of argon (30 seem) and oxygen 
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(10 seem). The film formation is performed with RF 
power source control of 2000 W and the substrate tem- 
perature is adjusted to be a room temperature. 
[0049] In this case, such a problem arises that, with a 
high substrate temperature, film quality of the first trans- s 
parent conductive film 313 made of 1TO becomes crys- 
talline to make it hard to be etched. 
[0050] According to knowledge of the present appli- 
cant, etching of the iTO film has been found to become 
difficult when the film formation temperature of the insu- w 
Jating film 315 for capacitance is 180°C or mora On the 
other hand, the substrate temperature towered too 
much causes degradation in film quality of the insulating 
film 315 for capacitance made of a silicon oxide film. 
That is P adverse effects such as lowering of withstand 75 
voltage would take place. 

[0051] The experimental results has proved that a film 
needs to be formed within a temperature range of less 
than 180 fl C, preferably (100 to 15Q°C, more preferably), 
and to fulfill that requirement it can be said that the 20 
sputtering method is the most preferable film formation 
method. 

[0052] In this embodiment, a silicon oxide film is used 
as the insulating film 3 1 5 for capacitance but a transpar- 
ent insulating film other than that may be used. As the 25 
relative permittivity becomes higher, an enough capaci- 
tance can be more securely obtained even with an 
increased film thickness, so that the occurrence rate of 
a defective product caused by short circuit can be fur- 
ther lowered. It is needless to say that the thickness 30 
should have the upper limitation of 200 nm since the 
throughput is lowered also with too thick a film thickness 
as mentioned above 

[0053] After the state shown in Fig. 3D is obtained in 
this way, a second opening portion 316 is formed at a 35 
position that is meant for a contact hole to be formed 
later for electrically connecting the drain electrode 31 1 
and a pixel electrode (not shown). This second opening 
portion 316 has a diameter smaller than that of the first 
opening portion 31 4, and is formed i nside the first open- 40 
ing portion 314. In addition, the second opening portion 
preferably has a satisfactory larger diameter than that of 
the contact hole to be formed later. Thus, short circuit 
between the first transparent conductive film 313 and 
the pixei electrode (not shown) can be prevented. (Fig. as 
4A) 

[0054] In this embodiment, the second opening por- 
tion 316 is formed with a diameter determined by, mak- 
ing allowances for the margin, adding 3 jum to the 
diameter value of the contact hole to be formed later, so 
When the contact hole has a radius of r jim, sufficient 
radius of the second opening portion will be (r + 3) }im. 
The contact hofe and the second opening portion 316 
are of course formed concentrically. 
[0055] Next, an interlayer insulating film (second inter- ss 
layer insulating f3m) 317 is formed to cover the insulat- 
ing film 315 for capacitance and the second opening 
portion 316. Although an acrylic resin having a relative 



permittivity of 3.2 is used for the interlayer insulating film 
317, it is preferable to use a raw material having a rela- 
tive permittivity of 4.0 or less (preferably 3.5 or less), 
which indudes representatively a resin material such as 
polyimide, polyamide, ben2ocyclobutena When taking 
further the flatness into consideration, it is desirable to 
use benzocydobutene. (Fig. 4B) 
[0056] Upon completion of forming the interlayer insu- 
lating tarn 317, the film is patterned to remove a part of 
the interlayer insulating fflm 317, which is formed on a 
portion where a storage capacitance is to be formed 
later. The portion where a storage capacitance is to be 
formed substantially coincides with an image display 
region (a pixei region). As a result, an interlayer insulat- 
ing film 318 is formed in a pattern above the pixel TFT. 
[0057] In this state, the above-described second 
opening portion 316 is covered with the interlayer insu- 
lating film 318 formed in a pattern, which prevents 
occurrence of short circuit between the pixel electrode 
(not shown) and an end face of the first transparent con- 
ductive film 313. 

[0058] Simultaneously with the formation in a pattern 
of the interlayer insulating film, a contact hole 319 for 
connecting the pixel electrode (not shown) and the drain 
electrode 311 is formed on a region where the second 
opening portion 316 is formed. (Fig. 4C) 
[0059] In this step, a resist mask (not shown) is first 
formed at a predetermined position of the interlayer 
insulating film 317, and the film is etched to form in a 
pattern the interlayer insulating film 318. Then, utilizing 
the resist mask as it is, a flattening film 312 is formed 
through etching. If, at this time, a condition for forming a 
tapered portion on a side wall of the contact hole is ful- 
filled, stepped cut of the pixel electrode may be pre- 
vented. 

[0060] An TO film with a thickness of 120 nm is then 
formed as the second transparent conductive film, and 
is patterned to form a pixel electrode 320. At a portion 
where this pixel electrode 320 comes in contact with the 
insulating film 315 for capacitance, a storage capaci- 
tance 321 is formed with the insulating film 315 for 
capacitance sandwiched between two layers of trans- 
parent conductive films (the first transparent conductive 
f3m and the second transparent conductive film) (Fig. 
4D). 

[0061] In the pixel structure having the structure 
above, there is an advantage thai the region to be the 
storage capacitance occupies almost the whole area 
within the pixel, ensuring an area substantially as large 
as the image display region. 

[0062] Characteristic points in the structure of the 
present invention are concretely shown in Rgs. 15A to 
15C. Fig. 15A is a photograph of TEM observation 
showing a peripheral portion of the contact hole. Fig. 
15B is a photograph of TEM observation showing an 
enlarged end portion of the first transparent conductive 
f3m in Fig. 15A, and Fig. 15C is a schematic view of Fig. 
1 5A. Incidentally in Rgs. 1 5A to 1 5C, a hollow spot is 
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observed in the inter layer insulating film 309, which is 
formed when a sample is taken and hence has nothing 
to do with the structure of the present invention. 
[0063] As aiso apparent from the views shown in Figs. 
15A to 1 5C, particularly characteristic point in the struc- s 
ture of this embodiment is that because the interlayer 
insulating film 318 can completely insulate and separate 
the end portion of the first transparent conductive film 
31 3 from the pixel electrode 320 within the contact hole, 
the film thickness of the insulating film 315 for capaci- io 
tance may be reduced down to as thin as 1 0 to 200 nm 
(preferably 50 to 100 nm). 

[0064] Accordingly, the proportion of an area for form- 
ing the capacitance is large and it is pcssfofe to form the 
storage capacitance of which the film thickness of the is 
dielectric material is thin, thereby ensuring an enough 
capacitance even with not so high relative permittivity. 
This means that freedom degree for optionabte raw 
materials are largely increased. 

[0065] As a result, this makes it possible to select a 20 
raw material giving priority to characteristic of high 
transmrttance, and tt is also possible to realize high 
transmittance by means of reflection prevention effect 
obtained by combining properly the film thickness of the 
transparent conductive films and of the insulating film 25 
for capacitance. In point of that, a conventional structure 
has a certain degree of limitation on raw materials for 
and film thickness of the dielectric material, and there- 
fore such freedom degree is small. 

[0066] Shown in Fig. 4D is a state in which, of two sub- 30 
strates, one having a TFT formed thereon (active matrix 
substrate) is nearly completed. An SEM photograph 
obtained by observing the top surface of an actual 
active matrix substrate (pixel portion) in this state is 
shown in Fig. 16. In Fig. 1 6, a region appeared as a hoi- 35 
low (denoted by A in Fig. 16) becomes the storage 
capacitance. Actually, there is a step of forming an ori- 
entated layer so as to cover the pixel electrode. 
[0067] An opposite substrate provided with an oppo- 
site electrode and an orientated layer is prepared and a 40 
liquid crystal material is sealed between the active 
matrix substrate and the opposite substrate, thereby 
completing an active matrix type liquid crystal display 
device which has the structure shown in Fig. 6. A well 
known cay-assembling step will do as the step of seal- 45 
ing the liquid crystal material, and therefore detailed 
description is omitted. 

[0068] In Fig. 6. reference numeral 601 denotes the 
substrate having an insulating surface: 602, a pixel 
matrix circuit; 603, a source driver circuit; 504, a gate so 
driver circuit; 605. an opposite substrate; 506, an FPC 
(flexfcle print circuit); 507 and 508, external 1C chips. 
[0069] The IC chips 607 and 608 are attached if the 
need arises, and. depending on the situation, a circuit 
having a function equal to the IC chip, instead of the IC £5 
chip, may be formed integrally with the source driver cir- 
cuit, gate driver circuit and the like over the same sub- 
strate. In other words, a signal processing circuit such 



as a D/A convener or y correction circuit may be com- 
posed of the TFT 

[0070] In this embodiment the invention is described 
with an example of a liquid crystal display device. Need- 
less to say, however, the present invention may be 
applied to any EL (electroluminescence) display device 
or EC (electrochromic) display device on condition that 
it is a display device of active matrix type. 

[Embodiment 2] 

[0071] In this embodiment, in the structure shown in 
Fig. 1, a resin material having light shielding property 
(representatively a black resin material) is used as the 
insulating f3m 107, which is utilized as a black mask. 
The structure of this embodiment is a modified one of 
Rg. 1, in which merely a raw material for the insulating 
film 107 shown in Fig. 1 is changed, and the structure 
shown in this embodiment is readily realized by follow- 
ing the manufacturing process shown in Embodiment 1 . 
[0072] In this errrbodj merit, a resin material in which 
black pigment, a metal material (titanium, chromium or 
the like) or a carbon-based material (such as graphite) 
is dispersed may be used as a black resin material. 
However, to utilize it as a black mask, the material desir- 
ably has an OD value of 3 or more. This embodiment 
employs a resin material (with OO value of 3) in which 
graphite is dispersed. 

[0073] The OD value is the index representing light 
shielding property of a thin film, and is expressed with 
OD = -Log 10 T (T represents transmittance; substitute 
0.001 for T when the transmittance is 0.1 %). In other 
words, as the absolute value of the OD value becomes 
larger, the transmittance is enhanced. 
[0074] Thus using a black resin material makes it pos- 
sible to cover the TFT with a Wack interlayer insulating 
film so that the film unchanged is utilized as the black 
mask. That is, the process may be simplified by utilizing 
the technique of this embodiment. 

[Embodiment 3] 

[0075] In this embodiment, the structure in which a 
transparent resin material such as acryl or polyimide. 
and a black resin material, described in Embodiment 2, 
are laminated is employed instead of the interlayer insu- 
lating film 107 of Fig. 1. Incidentally, the structure of this 
embodiment also, as in Embodiment 2, may be readily 
realized by following the manufacturing process of 
Embodiment 1 . 

[Embodiment 4] 

[0076] In this embodiment, description will be made 
on a pixel structure in an active matrix type liquid crystal 
display device manufactured by using the present inven- 
tion. The top view of the pxei structure of this embodi- 
ment is shown in Figs. 5A io 5C. 
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[0077] In Rg. 5A, reference numeral 501 denotes an 
active layer; 502, a gate wiring (of which a portion over- 
lapping with the active layer 501 is particularly called an 
gate electrode); 503. a source wiring (of which a portion 
overlapping wfth the active layer 501 is particularly 5 
called a source eiectrode); and 504, a drain eiectroda 
Rg. 5A corresponds to the top view of the pixel in the 
state of Rg. 3C in Embodiment i . 
[0078] Next, Rg. 5B shows the correspondent to the 
top view of the pixef in the state of Fig. 4A in Embodi- w 
ment 1. In Fig. 5B, reference numeral 505 denotes a 
first transparent conductive film and 506 denotes an 
opening portion. Below the opening portion 506 pro- 
vided in the first transparent conductive film 505, there 
exists a drain electrode 504. 75 
[0079] Subsequently, Rg. 5C shows the correspond- 
ent to the top view of the pixel in the state of Fig. 4D in 
Embodiment 1. In Rg. 5C, reference numeral 507 
denotes an interlayer insulating film that corresponds to 
the interlayer insulating film 318 of Fig. 4C. Reference 20 
numeral 508 denotes a pixel electrode and 509 denotes 
a contact hole {that corresponds to the contact hole 319 
of Fig. 4C). The pixel electrode 508 is formed so that the 
edges thereof overlap with the gate wiring 502 and 
source wiring 503, thereby making inconspicuous on 25 
the screen the affect of the electric field disturbance 
generated at the edge portions. 
[0080] The pixel structure shown in this embodiment 
is one embodiment mode when carrying out the present 
invention, and the present invention is not limited to this 30 
structure. However,, with employment ol the structure of 
this embodiment, almost the entire pixef region func- 
tions as the storage capacitance to sufficiently ensure 
the storage capacitance even in a liquid crystal display 
device having a pixel structure of high definition. 35 

[Embodiments] 

[0081] In this embodiment, description wHI be made, 
with reference to Rg. 7, on the structure for fixing to a 40 
common electric potential (ground electric potential) the 
first transparent conductive film 104 that functions as a 
lower electrode ol the storage capacitance 109 in the 
structure shown in Rg. 1. 

[0082] Rg. 7 is an enlarged view showing the struc- 46 
ture of a pad electrode for grounding which is provided 
outside an image display region (a panel portion) of a 
liquid crystal display device. On a first transparent con- 
ductive film 701, an insulating film 702 for capacitance 
having an opening portion 703 is formed. This opening so 
portion 703 is formed simultaneously with a step corre- 
sponding to Rg. 4A shown in Embodiment 1. 
[0083] Reference numeral 704 denotes an interlayer 
insulating film made of a resin material, on which a pad 
electrode 705 used as a pad for common contact is ss 
formed of a second transparent conductive film (the 
same raw material with which the pixel eiectrode is 
formed). This pad electrode 705 is formed simultane- 



ously with a step corresponding to Rg. 4D shown in 
Embodiment 1. 

[0084] in this embodiment, the first transparent con- 
ductive film 701 and the pad electrode 705 have the 
same electric potential when they come in contact with 
each other on a contact surface 706. Then through the 
grounding of the pad electrode 705, the first transparent 
conductive film 701 is fixed to the ground electric poten- 
tial. 

[0085] This pad for common contact can be adapted 
to function also as a pad for fixing an opposite electrode 
to the ground electric potential. A paste material mixed 
with conductive granules is formed on the pad electrode 
705 and, keeping the state, an active matrix substrate 
and an opposite substrate are bonded to obtain conduc- 
tion between the opposite electrode provided on the 
opposite substrate and the pad electrode, so that both 
the electrodes may be fixed to the ground electric poten- 
tial. 

[0086] In this way, to utilize the transparent conductive 
film formed, as the pad electrode 705. on the same layer 
on which pixel electrode is formed is effective in consid- 
erably simplifying the process. 
[0087] Incidentally, the structure of this embodiment 
may be combined with any structure of Embodiments 1 
to 4. 

[Embodiment 6] 

[0088] In this embodiment, description will be made, 
with reference to Fig. 8, on an example where a step of 
removing a flattening film on a drain electrode of a pixel 
TFT is added. 

[0089] First, the state of Rg. 4A is obtained by follow- 
ing the process of Embodiment 1 . Dry etching by oxy- 
gen plasma is then performed under the state of Fig. 
4A. At this time, a part of the flattening film 312 made of 
a resin material is removed using as a mask the insulat- 
ing film 315 for capacitance formed in a pattern. 
[0090] Rg. 8A shows a state in which, after a drop-in 
portion 1 1 is formed through the dry etching method, an 
interlayer insulating film 12 made of a resin material 
(polyimide, in this embodiment) is formed. Width of the 
opening portion in the drop-in portion 1 1 is substantially 
the same as the width of the second opening portion 
316 shown in Rg. 4A. 

[0091] The interlayer insulating film 12 is then pat* 
terned to form an interlayer insulating film 13 formed in 
a pattern, and at the same time is formed a contact hole 
14 for connecting a pixel electrode and a TFT. (Fig. 8B) 
[0092] When the contact hole 14 is thus formed, a 
second transparent conductive film is formed and pat- 
terned to form a pixel eiectrode 15 connecting to the 
TFT. At this time, a storage capacitance 1 6 also is simul- 
taneously formed. Further at the same time, the pad 
structure for grounding shown in Embodiment 5 may be 
formed. 

[0093] Employment of the structure of this embodi- 
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ment has an advantage in that the contact note 14 can 
be formed simply by etching the intertayer insulating film 
made of the same raw material as the hole 14. 

[Embodiment 7] 5 

[0094] This embodiment shows, as in Embodiment 1, 
a process of manufacturing an active matrix type liquid 
crystal display device. This embodiment is a mocfifica- 
tbn example of Embodiments 2 and 3. In Embodiments io 
2 and 3, the pixel TFT is shielded against light by the 
flattening film that uses a black resin. However, this 
embodiment takes up an example in which a black 
mask is formed on the active matrix substrate side to 
shield the pixel TFT against light. 75 
[0095] This embodiment is described with reference to 
Figs. 9 A to 90 and 1 0A to IOC. Though in this embodi- 
ment also, description is given centering on one pixel of 
a pixel matrix circuit, it is needless to say that a driver 
circuit and a signal processing circuit may also be inte- 20 
graJly formed on the same substrate. 
[0096] A glass substrate on the surface of which a 
base film made of silicon oxide is prepared as a sub- 
strate 300 having an insulating surface to obtain the 
structure of Fig. 3C by following the process in Embodi- 25 
ment 1, which is shown in Fig, 9A. 
[0097] As shown in Fig. 9A, the following is layered on 
the surface of the substrate 800 in the order stated: an 
active layer formed of a semiconductor thin film; a gate 
insulating film 802 made of a silicon oxide film; a gate zo 
wiring 803 comprising two layers of tantalum/titanium. 
In the active layer, a source region 304, a drain region 
805 and LDD regions 806 are formed. An intertayer 
insulating film 807 is formed on the entire substrate so 
as to cover the gate wiring 803. Formed as the intertayer 3S 
insulating film 807 is a lamination film in which a silicon 
nitride film with a thickness of 25 nm and an acrylic resin 
film with a thickness of 900 nm are laminated. 
[0098] A contact hoie is formed with respect to the 
interlayer insulating film 807, and a source wiring 808 40 
and a drain electrode 809 which respectively comprise 
the three-layer structure of titaniunValuminumArtaniurn 
are formed. Thus, the pixel TFT shown in Fig. 9A is 
completed. 

[0099] Next, a flattening film 810 is formed so as to 45 
cover the pixel TFT. As the flattening film 810 in this 
embodiment an acrylic resin is formed into a film with a 
coating method. The thickness of the acrylic resin is 0.7 
pm at the thickest portion. 

[0100] A titanium film 200 nm in thickness is then so 
formed by the sputtering method, and is patterned with 
a chlorine-based gas by the dry etching method to form 
a black mask 81 1 made of titanium. An acrylic resin is 
coated as a flattening film 81 2 on the entire substrate by 
the coating method. The thickness of this acrylic resin is ss 
0.5 jim at the thickest portion. The black mask 81 1 is a 
pixel matrix circuit that is integrally formed, and is con- 
nected to a common electric potential. (Fig. 9B) 



[0101] An ITO (indium tin oxide) fSm having a thick- 
ness of 1 15 nm is subsequently formed as a first trans- 
parent conductive film 813 through the sputtering 
method. The first transparent conductive fOm 813 con- 
stitutes an electrode of a storage capacitance. Condi- 
tions for forming the TO film is such that ITO is used as 
» a target, a mixture gas of argon and oxygen is used as 
a sputtering gas, film formation pressure is set to 3 x 1 0' 
3 torr, DC current control of 1 .5 A is performed and the 
substrate temperature is set to the room temperature. 
[01 02] A first opening portion 81 4 is formed, above the 
drain electrode 809, in the first transparent conductive 
film 813 by wet etching using an etchant exclusive to 
ITO. (Fig. 9C) 

[01 03] On the first transparent conductive film 81 3, a 
silicon oxide film with a thickness of 1 50 nm is formed as 
an insulating film 81 5 for capacitance by the sputtering 
method. The silicon oxide film is formed under the con- 
dition that the f9m formation pressure is set to 3 x 10" 3 
ton* using as a target Si0 2 , and as sputtering gas the 
mixed gas of argon (30 seem) and oxygen (10 seem). 
The film formation is performed with RF power source 
control of 2000 W and the substrate temperature is 
adjusted to be a room temperature. 
[01 04] The insulating film 81 5 for capacitance made of 
silicon oxide is etched with buffered fluoric acid to form 
a second opening portion 316. The second opening 
portion 816 has a diameter smaller than that of the first 
opening portion 814, and is formed inside the first open- 
ing portion 814. The diameter of the second opening 
portion 816 here includes the margin of 3 jim plus the 
value of the diameter of the contact hole. (Fig. 9D) 
[0105] Next an interlayer insulating film 819 is formed 
to cover the insulating film 31 5 for capacitance and the 
second opening portion 816. As the interlayer insulating 
film 819, an acrylic resin is formed into a film with a 
coating method. The thickness of the acrylic resin is 0.5 
jxm at the thickest portion. (Fig. 10A) 
[0106] A contact hole 822 is then formed in the inter- 
layer insulating film 819 made of acrylic resin and the 
flattening films 810 and 812, and at the same time, a 
part of the interlayer insulating film 819, on which the 
storage capacitance is to be formed is removed, 
[0107] In this step, using a photoresist mask and 
O2/CF4 gas, the interlayer insulating film 819 made of 
acrylic resin is etched to form an interlayer insulating 
film 821 formed into a pattern, and utilizing the same 
photoresist mask as it is. the flattening films 812 and 
810 are subsequently dry-etched with Oz/CF^j gas to 
form the contact hole 322. If, at this time, a condition for 
forming a tapered portion on a side wall of the contact 
hole 822 is fulfilled, stepped cut of the pixel electrode 
may be prevented. 

[0108] Then, an (TO film with a thickness of 120 nm is 
formed as a second transparent conductive film by the 
sputtering method. The second transparent conductive 
film constitutes an electrode of the storage capacitance 
as well as the pixel electrode. The TO film is etched by 
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the etcharrt exclusive to !TO to form a pixel eiectrode 
823. On a portion where this pixel electrode 823 comes 
in contact with the insulating film 815 for capacitance, a 
storage capacitance 824 is formed by the insulating film 
815 for capacitance that is sandwiched between a pair s 
of transparent conductive films (the first transparent 
conductive film and the second transparent conductive 
film). 

[0109] In this embodiment also, the second opening 
portion 816 is covered with the interlayer insulating film 10 
821 formed into a pattern, which makes it possible to 
prevent short circuit between the pixel eiectrode 823 
and the end face of the first transparent conductive film 
813. 

[01 1 0] For instance, a case is assumed that in the is 
structure of Embodiment 1 , a combination of an acrylic 
resin film as the flattening film 312 and a polyimtde film 
as the interlayer insulating film 317. In this case, etching - 
rate in acrylic resin is slightly faster, involving a possibil- 
ity of forming a scooped portion under the first transpar- 20 
ent conductive film 31 3 and hence involving the risk of 
causing poor coverage in the pixel electrode, i.e., wire 
disconnection defect 

[0111J In point of this, the structure of this embodiment 
is capable of forming the contact hole with nothing but zs 
the very same material so as not to cause any shape 
disorder in the contact hole brought by difference in 
etching rate, resulting that prevention of wire disconnec- 
tion defect in the pixel eiectrode due to the scooped por- 
tion is made possible. 30 
[0112] Incidentally, the structure of this ernbodirnerrt 
may be combined with any structure of Embedments 1 
to 5. When combined with any of those structures, the 
same effect that wire disconnection defect in the pixel 
electrode caused depending on a shape of the contact 35 
hole is prevented may be obtained. 

[Embodiment 8] 

[0113] This embodiment also, as in Embodiment 7, is 40 
an example in which a black mask is formed on the 
active matrix substrate side to shield a pixel TFT against 
light This embodiment is explained using Figs. 1 1 A to 
IIEand 12Ato12D. 

[0114] A glass substrate provided on its surface with 45 
a base film that is formed of a silicon oxide film is pre- 
pared as a substrate 900 having an insulating surface. 
Then following the process of Embodiment 1, the struc- 
ture of Fig. 3C is obtained, which is shown in Rg. 1 1A. 
[0115] As shown in Fig. 1 1 A, layered, in the order so 
stated, on the surface of the substrate 900 are: an active 
layer made of a semiconductor thin film; a gate insulat- 
ing film 902 made of a silicon oxide film: and a gate wir- 
ing 903 comprising a two-layer film of tantaium/trtanium. 
The active layer has a source region 904, a drain region ss 
905 and LDD regions 906 which are formed therein. An 
interlayer insulating film 907 is formed on the entire sub- 
strate to cover the gate wiring 903. As the interlayer 



insulating film 907, a lamination film comprising a siKcon 
nitride film with a thickness of 25 nm and an acrylic resin 
film with a thickness of 900 nm is formed. 
[0116] A contact hoie is formed with respect to the 
interlayer insulating film 907 to form a source wiring 908 
and a drain electrode 909 which have three-layer struc- 
ture of tHaniurn/aluminum/titanium. A pixel TFT shown 
in Fig. 11 A is thus completed. 

[0117] Subsequently, the pixel TFT is covered with a 
flattening film 910 made of an acrylic resin film. The 
acrylic resin film is formed by the coating method so as 
to have a thickness of 1 .2 um at the thickest portion. 
Then, through the sputtering method, a first transparent 
conductive film 911 made of 1TO with a thickness of 1 1 5 
nm, an insulating film 912 for capacitance made of sili- 
con oxide with a thickness of 150 nm and a metal film 
913 for black mask made of a titanium film with a thick- 
ness of 200 nm are formed in layer on the surface of the 
flattening film 91 0. (Fig. 11 B) 

[0118] A not-shown photoresist mask is next formed, 
and dry etching is performed on the metal film 913 for 
black mask made of titanium and the insulating film 912 
for capacitance made of silicon oxide to form a first 
opening portion 915 above the drain eJectrode 909. A 
chlorine-based gas is used as an etching gas for the 
titanium film, and a fluorine-based gas such as GHF 3 is 
used as an etching gas for the silicon oxide film. The 
forming step of this first opening portion is performed 
with, in preference to wet etching, dry etching of aniso- 
tropic. (Fig. 1 1 C) 

[01 1 9] After releasing the photoresist mask for the first 
opening portion, again, a photoresist mask 915 is 
formed. The metal film 91 3 for black mask of the storage 
capacitance is removed through dry etching to form a 
bfack mask 917 made of titanium. With the use of a 
chlorine-based gas in etching of the metal film 913, the 
insulating film 912 for capacitance formed of oxide sili- 
con can function as an etching stopper. The black mask 
917 is a pixel matrix circuit that is integrally formed, and 
is connected to a common electric potential. (Fig. 11D) 
[0120] Further, using the same photoresist mask 916, 
the first transparent conductive film 91 1 is etched with 
the etcharrt exclusive to ITD to form a second opening 
portion 918. The second opening portion 918 has a 
diameter smaller than that of the first opening portion 
915, and is formed inside the first opening portion 915. 
The second opening portion 918 is formed making 
allowances for the margin of 3 Mm (Fig. 1 1 E) 
[0121] After releasing the photoresist mask 916, an 
interlayer insulating film 919 is formed on the entire sub- 
strate so as to cover the black mask 91 7, the insulating 
tarn 912 for capacitance and the second opening por- 
tion 918. An acrylic resin film is formed as the interlayer 
insulating film 91 9 by the coating method. The thickness 
of the acrylic resin film is 0.5 am at the thickest portion. 
(Fig. 12A) 

[01 22] Then, a not-shown photoresist mask is formed, 
and the interlayer insulating film 919 made of acrylic 
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resin is dry- etched with 0 2 /CF 4 gas to form an inter- 
layer insulating film 920 formed in a pattern. Dry etching 
with O2/CF4 gas is continued to etch the flattening film 
910 made of acrylic resin, thereby fanning a contact 
hole 921. If, at this time, a condition for forming a 
tapered portion on a side wall of the contact hole 921 is 
fulfiHed, stepped cut of the pixel electrode may be pre- 
vented. (Fig. 12B) 

[0123] An I TO film with a thickness of 1 20 nm is then 
formed as a second transparent conductive film by the 
sputtering method, and patterned to form a pixel elec- 
trode 923. At a portion where this pixel electrode 9£3 is 
brought into contact with the insulating film 912 tor 
capacitance, a storage capacitance 924 is formed by 
the insulating film 912 for capacitance that is sand- 
wiched between a pair of transparent conductive films 
(the first transparent conductive film 911 and a pixel 
electrode 923). (Frg. 12Q 

[0124] In this embodiment also, the second opening 
portion 918 is covered with the interlay er insulating film 
920 farmed into a pattern, which mates it possible to 
prevent short circuit between the pixel electrode 923 
and the end face of the first transparent conductive film 
911. 

[0125] Here in the step shown in Fig. 12B, the inter- 
layer insulating film 920 is formed in a pattern so as not 
to cover the whole black mask (also called as black 
matrix) 917, thereby connecting the pixel electrode 923 
to the black mask 917. Thus the electric potential of the 
pixel TFT when "rt is in the off state is connected to the 
common electric potential. 

[0126] Alternatively in the step shown in Fig. 12B, the 
interlayer insulating film 919 may be patterned as illus- 
trated in fig. 12D to farm an interlayer insulating film 
930 formed in a pattern, in other words, such a structure 
may be adopted that a pixel electrode 931 is not con- 
nected to the black mask 917 by covering the whole 
black mask 91 7 with the interlayer insulating film 930 
formed in a pattern. 

[Embodiment 9] 

[0127] An electro-optical device of the present inven- 
tion having any structure in Embodiments 1 through 8 
may be used as various electro-optical devices (includ- 
ing an active matrix type liquid crystal display device, an 
active matrix type EL display and an active matrix type 
EC display). Namely, the present invention may be 
embodied in every electronic apparatus incorporating 
therein one of those electro-optical devices as a display 
medium. 

[01 28] Apparatuses that may be enumerated as such 
an electronic apparatus are video cameras, digital cam- 
eras, projectors (rear type projectors or front type pro- 
jectors), head mount displays (goggle type displays), 
vehicle navigation systems, personal computers and 
portable information terminals (such as mobile comput- 
ers, cellular phones and electronic books). Examples of 



those are shown in figs. 13A to 13F and 14A to 14D. 
[01 29] Fig. 13A shows a personal computer consisted 
of a main body 2001, an image input unit 2002, a dis- 
play device 2003 and a keyboard 2004. The present 
5 invention can be applied to the image input unit 2002, 
the display device 2003 and other signal controlling cir- 
• cuits. 

[0130] Fig. 13B shows a video camera consisted of a 
main body 2101, a display device 2102, a voice input 

io unit 2103, an operation switch 2104. a battery 2105 and 
an image receiving unit 2106. The present invention can 
be applied to the display device 2102, the voice input 
unit 2103 and other signal controlling circuits. 
[0131] Fig. 13C shows a mobile computer consisted 

is of a main body 2201, a camera unit 2202, an image 
receiving unit 2203, an operation switch 2204 and a ds- 
play device 2205. The present invention can be applied 
to the display device 2205 and other signal controlling 
circuits. 

20 [0132] fig. 13D shows a goggle type display con- 
sisted of a main body 2301, a display device 2302 and 
an arm potion 2303. The present invention can be 
applied to the display device 2302 and other signal con- 
trolling circuits. 

25 [0133] Fig. 13E shows a player that uses a recording 
medium storing a program (hereinafter, referred to as a 
recording medium) and is consisted of a main body 
2401, a display device 2402, a speaker unit 2403, a 
recording medium 2404 and an operation switch 2405. 

30 This device uses as the recording medium a DVD (dig- 
ital versatile disc), a CD, etc., to provide measures for 
the appreciation of music or movies, playing a video 
game and connecting to the Internet. The present 
invention can be applied to the display device 2402 and 

35 other signal controlling circuits. 

[0134] Fig. 13F shows a digital camera consisted of a 
main body 2501, a display device 2502, an eyepiece 
2503, an operation switch 2504 and an image receiving 
unit (not shown). The present invention can be applied 

40 to the display device 2502 and other signal controlling 
circuits. 

[01 35] fig. 1 4A shows a front type projector consisted 
of a display device 2601 and a screen 2602. The 
present invention can be applied to the display device 

45 and other signal controlling circuits. 

[01 36] Fig. 1 4B shows a rear type projector consisted 
of a main body 2701 , a display device 2702, a mirror 
2703 and a screen 2704. The present invention can be 
applied to the display device and other signal controlling 

so circuits. 

[01 37] Fig. 1 4C shows an example of the structure of 
the display device 2601, 2702 in figs. 14A, 14B. The 
display device 2601 or 2702 is consisted of a light 
source optical system 2801, mirrors 2802 and 2805 to 
55 2807, dichroic mirrors 2803 and 2804, optical lenses 
2808. 2809 and 2811, a liquid crystal display device 
2810 and a projection optical system 2812. The projec- 
tion optical system 2812 comprises an optical system 
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that is provided with a projection lens. This ernbodiment 
shows an example of three-plate type which employs 
three liquid crystal display devices 2810, but the inven- 
tion is not particularly limited and may be applied ta for 
instance, a single plate type projector. In addition, in the $ 
light path indicated by an arrow in Fig. 1 4C. an optical 
system such as an optical Lens, a film having polarizing 
function, a film for adjusting the phase difference and an 
IR film may be provided at discretion of a person who 
carries out the invention. w 
[01 38] Fig. 1 4D shows an example of the structure of 
the light source optical system 2801 in Fig. 1 4C. In this 
embodiment, the fight source optical system 2801 is 
consisted of light sources 2813 and 2814, a synthesiz- 
ing prism 2815, collimator lenses 2816 and 2820, lens is 
arrays 2817 and 2818 and a polarization converting ele- 
ment 2819. In the light source optical system shown in 
Fig. 14D, two light sources are used. However, the light 
source to be provided may be three to four or more, or 
of course one light source may be used. In addition, an 20 
optical lens, a film having polarizing function, a film for 
adjusting the phase difference and an IR film may be 
provided at discretion of a person who carries out the 
invention. The system may be applied also to a single 
plate type projector. 25 
[0139] As described above, application range of the 
present invention is so wide that the invention is applica- 
ble to electronic apparatuses of every field. The elec- 
tronic apparatuses of this embodiment may be realized 
with the structure constructed of any combination of 30 
Embodiments 1 through 8. 

[Embodiment 10] 

[0140] In the liquid crystal display devices manufac- 35 
tured in accordance with the above embodiments, vari- 
ous kinds of liquid crystal may be used other than TN 
liquid crystal. For example, usable liquid crystal 
includes ones disclosed in: 1998, SID, "Characteristics 
and Driving Scheme of Potymer-Stabiiized Monostable 40 
FLCD Exhibiting Fast Response Time and High Con- 
trast Ratio with Gray-Scale Capability" by H. Furue et 
al.; 1997, SID DIGEST, 841, "A Full-Color Threshold^ 
less Antiferroelectric LCD Exhibiting Wide Viewing 
Angle with Fast Response Time" by T. Ybshida et al.; 45 
1996, J. Mater. Cherrt 6(4}. 671-673. Threshoidless 
Antiferro electricity in Liquid Crystals and its Application 
to Displays" by S. Inui et al.; and U.S. Patent Ma 
5,594,569. 

[0141] Liquid crystal that exhibits antiferroelectric so 
phase in a certain temperature range is called antiferro- 
electric liquid crystal. Among mixed liquid crystal having 
antiferroelectric liquid crystal, there is one called thresh- 
oidless antiferroelectric mixed liquid crystal, which 
exhibits electro-optical response characteristics that the ss 
transmittance varies continuously with respect to the 
electric fiefd. Some of the threshoidless antiferroelectric 
mixed liquid crystal show electro-optical response char- 



acteristics of V shape, and there has been found among 
them ones the driving voltage of which is about ± 2.5 V 
(cell thickness of about 1 Jim to 2 ^im). 
[0142] Here, reference is made to Fig. 17 showing 
characteristics of the threshoidless antiferroelectric 
mixed liquid crystal that exhibits electro-optical 
response characteristics of V shape, in terms of its light 
transmrrtance with respect to the applied voltage. In the 
graph shown in Fig. 17, the axis of the ordinate shows 
transmittance (arbitrary unit) and the axis of abscissa 
shows applied voltage. A transmission axis of a polariz- 
ing plate on the incident side of a liquid crystal display 
device is set substantially in parallel with the normal line 
direction of a smectic layer of the threshoidless antrfer- 
roeJectric mixed liquid crystal which substantially coin- 
cides with the rubbing direction of the liquid crystal 
display device. On the other hand, a transmission axis 
of the polarizing plate on the emission side is set to be 
substantially perpendicular to the transmission axis of 
the polarizing plate on the incident side (cross Nicol). 
[0143] As shown in Rg. 1 7, it can be understood that 
using such threshoidless antifenoelectric mixed liquid 
crystal makes possible the low-voltage driving and gra- 
dation display. 

[0144] In the case that such threshoidless antiferroe- 
lectric mixed liquid crystal of low-voltage driving is used 
in a liquid crystal display device having an analog driver, 
supply voltage of a sampling circuit for a video signal 
may be suppressed ta for example, about 5V to 8V. 
Accordingly, operation supply voltage of the driver may 
be lowered to realize a liquid crystal display device of 
lowered power consumption and high reliability. 
[0145] Also in the case that such threshoidless antif- 
erroelectric mixed liquid crystal of low-voltage driving is 
used in a liquid crystal display device having a digital 
driver, output voltage of a D/A converter circuit may be 
reduced so as to lower operation supply voltage of the 
D/A converter circuit and to lower operation supply volt- 
age of the driver. Accordingly, a liquid crystal display 
device of lowered power consumption and high reliabil- 
ity may be realized. 

[0146] Therefore, the use of such threshoidless antif- 
erroelectric mixed liquid crystal of low-voltage driving is 
effective also when employing a TFT having an LDD 
region (lightly doped region) of which width is relatively 
small (tor example, 0 nm to 500 nm, or 0 nm to 200 nm). 
[01 47] In generai,threshold!ess antiferroelectric mixed 
liquid crystal is large in spontaneous polarization and 
dielectric permittivity of liquid crystal itself is high. For 
that reason, relatively large storage capacitance is 
required for a pixel when using for a liquid crystal dis- 
play device the threshoidless antiferroelectric mixed liq- 
uid crystal. Thus, preferably used is threshoidless 
antiferroelectric mixed liquid crystal that is small in 
spontaneous polarization. Alternatively, with employ- 
ment of the linear-sequential driving as a driving 
method of the liquid crystal display device, writing 
period of gradation voltage into a pixel (pixel feed 
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period) is prolonged so that a small storage capacitance 
may be supplemented. 

{0148] The use of such threshoidless antrferroelectric 
mixed liquid crystal realizes tfie low-voltage driving, to 
thereby realize a fiquid crystal display device of lowered s 
power consumption. 

[0149} Incidentally, any fiquid crystal may be used as 
a display medium for a liquid crystal display device of 
the present invention, on condition that it has electro- 
opticaJ characteristics as shown in Fig. 1 7. w 
[0150] Carrying out the present invention makes it 
possible to freely set the fflm thickness of the insulating 
film for capacitance sandwiched between the transpar- 
ent conductive films, which allows to use as the storage 
capacitance the whole area of the pixel without degrad- is 
ing the light transmittance within the pixel. 
[0151 ] Therefore, ensuring a sufficient storage capac- 
itance is made possible when intending to form an 
active matrix type fiquid crystal display device which is 
smaR in the pixel area and has high definition. Also, suf- 20 
ficiently high light transmittance enables the device to 
brightly display an image even when the whole area 3. 
within the pixel is the storage capacitance. That is, here 
realized an electro-optical device with high definition 
and quality, and an electronic apparatus provided with zs 4. 
such an electro-optical device. 

Claims 

1. A semiconductor device comprising: 30 

5. 

a plurality of pixel TFTs being arranged in a 
matrix; 

a storage capacitance being connected to each 
of the plurality of pixel TFTs; 35 
a first transparent conductive film having a first 
opening portion; 

a capacitance insulating film covering said first 
transparent conductive f3m and having a sec- 
ond opening portion which reaches an inside 40 
deeper than said first opening portion; 
an interiayer insulating film covering said sec- 
ond opening portion and being formed over 
said pixel TFTs; and 

a second transparent conductive film being 45 
formed in contact with said interiayer insulating 
film and said capacitance insulating film, 
wherein said storage capacitance comprises 
said first transparent conductive film, said 
capacitance insulating film and said second so 
transparent conductive film. 



2. A semiconductor device comprising: 

a plurality of pixel TFTs being arranged in a 55 
matrix; and 

a storage capacitance being connected to each 

of said plurality of pixel TFTs; 6. 



a first transparent conductive film having a first 
opening portion; 

a capacitance insulating film covering said first 
transparent conductive film and having a sec- 
ond opening portion which reaches the inside 
deeper than said first opening portion; 
an interiayer insulating film covering said sec- 
ond opening portion and being formed over 
said pixel TFTs; 

a second transparent conductive film being 
formed in contact with said interiayer insulating 
film and said capacitance insulating film; and 
a pad electrode inducing said second trans- 
parent conductive film, 

wherein said storage capacitance comprises 
said first transparent conductive film, said 
capacitance insulating film and said second 
transparent conductive film, 
wherein said first transparent conductive fflm is 
grounded through the pad electrode. 

A device according to daim 1, wherein said inter- 
iayer insulating film includes a resin material. 

A device according to daim 1 , wherein said inter- 
iayer insulating film contains a resin material having 
a light shiekfing property or a lamination of a resin 
material having a light shielding property and a 
transparent resin material. 

A method of manufacturing a semiconductor device 
having: 

a plurality of pixel TFTs being arranged in a 
matrix; and 

a storage capacitance being connected to each 

of the plurality of pixel TFTs, 

said method comprising the steps of: 

forming a first transparent conductive film 
having a first opening portion; 
forming a capacitance insulating film; 
patterning said capacitance insulating film 
to form a second opening portion at the 
inside deeper than said first opening por- 
tion; 

forming an interiayer insulating film; 
patterning said interiayer insulating film to 
form a pattern restrictedly over said pixel 
TFTs; and 

forming a second transparent conductive 
film, 

wherein said storage capacitance com- 
prises said first transparent conductive 
film, said capacitance insulating film and 
said second transparent conductive film. 

A method according to daim 5, wherein said inter- 
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layer insulating film indudes a resin material. 

7. A method according to claim 5, wherein said inter- 
layer insulating film contains a resin material having 

a light shielding property or a lamination of a resin s 
material having a light shielding property and a 
transparent resin material. 

8. A device according to claim 2, wherein said inter- 
layer insulating f9m indudes a resin material. io 

9. A device according to claim 2, wherein said inter- 
layer insulating film contains a resin material having 
a light shielding property or a lamination of a resin 
material having a light shielding property and a 15 
transparent resin material. 

10. A method according to claim 5, wherein said first 
transparent conductive film is grounded through a 
pad electrode. 20 

11. A method according to daim 10, wherein the pad 
electrode indudes said second transparent con- 
ductive film. 

25 

12. A device according to daim t. wherein said semi- 
conductor device is one selected from the group 
consisting of a liquid crystal display device, an EL 
(dect rofuminescence) display device and an EC 
(electrochromic) display devica 30 



(electroluminescence) display device and an EC 
(electrochromic) display device. 

17. A method according to claim 5. wherein said semi- 
conductor device is one selected from the group 
consisting of a video camera, a digital camera, a 
> rear type projector, a front type projector, a head 
mount display (a goggle type display), a vehicle 
navigation system, a personal computer and a port- 
able information terminal such as a mobile compu- 
ter, a cellular phone and an electronic book. 



13. A device according to daim 1, wherein said semi- 
conductor device is one selected from the group 
consisting of a video camera, a digital camera, a 
rear type projector, a front type projector, a head as 
mount display (a goggle type display), a vehide 
navigation system, a personal computer and a port- 
able information terminal such as a mobile compu- 
ter, a cellular phone and an electronic book. 

40 

14. A device according to claim 2 r wherein said semi 
conductor device is one selected from the group 
consisting of a Squid crystal display device, an EL 
(electroluminescence) display device and an EC 
(electrochromic) display devica 45 



15. A device according to daim 2, wherein said semi- 
conductor device is one selected from the group 
consisting of a video camera, a digital camera, a 
rear type projector, a front type projector, a head so 
mount display (a goggle type display), a vehide 
navigation system, a personal computer and a port- 
able information terminal such as a mobile compu- 
ter, a cellular phone and an electronic book. 

55 

16. A method according to claim 5. wherein said semi- 
conductor device is one selected from the group 
consisting of a liquid crystal display device, an EL 
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